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POROUS MATRIX 

This invention relates to a porous matrix. IVIore particularly, the present 
invention relates to porous matrices which are intended to be used in the 
animal body and which are fomried in situ at a target tissue site. 

Many patent applications describe the use of gels or sols, especially 
hydrogels, for use as tissue scaffolds. For example, WO 00/ 23054 describes 
the use of polyvinyl alcohol microspheres in the occlusion of blood vessels or 
embolizations. WO 99/ 15211 and WO 00/ 64977 describe the use of 
hydrogels as a tissue scaffold. The hydrogels are implanted into a patient in 
order to support tissue growth and or repair. 

The use of hydrogels as tissue scaffolding is problematical in that 
although the gels themselves may adequately fill the cavity into which they 
are inserted, they have poor diffusion properties and as such drugs, nutrients 
or other factors to be supplied to the tissue do not adequately diffuse through 
the gel. This problem Is exacerbated where the gel is seeded with living cells 
since the poor diffusion of nutrients can lead to premature cell death, possibly 
resulting in failure of the treatment. A further problem associated with gel 
scaffolds is that the cross-linking methods used to stabilise or solidify the gels, 
especially in situ, can damage the entrapped cells. 

Scaffolds based on water-insoluble polymers are also known in the art, for 
example WO 99/ 25391 describes the use of poly (lactide-co-glycolide) 
(PLGA) as a polymer scaffold for the regeneration of tissue, especially bone 
tissue. The polymers are processed so as to form a porous structure. As with 
the hydrogels, the water-insoluble polymers are implanted into a patient in 
order to support tissue growth and or repair. 

However, the disadvantage of such water-insoluble polymers is that they 
can only fill cavities with an open shape and methods of shaping the materials 
are yet to be perfected. Additionally, where the scaffold is to be seeded with 
cells, the seeding is inefficient (few pores are filled with cells) or the cells are 
damaged by the structure during the seeding process, and the surrounding 
tissue cells may also be damaged by the implantation procedures. 
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WO 99/11196 describes the use of a particulate matrix as tissue scaffold, 
the particles having internal cross-linking to stabilise the stmcture of the 
particle. 

Similarly, PCT/GB02/02813 describes an open porous matrix of 
particulate material for in vivo use in or on a target tissue in medicine, the 
matrix comprising particles cross-linked with one another so as to define 
pores therebetween. 

The present Invention provides a process for the production of a porous 
matrix, the process comprising the steps of: 

- bringing a first phase into a fluid state, 

- introducing a second phase to the first phase, 

- mixing the first and second phases to ensure the required distribution 
of the second phase through the first phase is achieved, and 

- allowing the first phase to solidHy or change state, with the second 
phase therein. 

Advantageously, this process alIo>A^ the matrix to be shaped or partially 
shaped before insertion into or onto the target tissue. ■ 

The term Huid" as used herein is intended to define any substance which 
fiows and therefore includes liquids, gases and solids (e.g. in powder or 
granule or grain form, or plastic solids) which are able to flow and to conform 
to the outline of their container. 

The terni "solidify" as used herein is intended to define that the phase 
becomes solid or semi-solid. 

The first phase may be a earner phase in that the phase cam'es or 
contains the material of the second phase, or it may be a coating phase which 
coats the material of the second phase. Preferably, the first phase is not in a 
liquid or wholly liquefied state but is, or is rendered, sufficiently fluid to mix 
with and to cany or coat the second phase. For example, the first phase may 
be fluid but tacky and coat the particulate material of the second phase. 
Alternatively, both the first and second phases may be in particulate or 
powder fomri and mixed together. In this case it is again desirable that the 
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first phase is soft or tacky or otiierwise able to coat any particulate material of 
the second phase. 

Preferably, the firet phase transforms from a fluid state to a solid or semi- 
solid state on the change of a single parameter, for example temperature, pH, 
introduction of a cross-linking, setting or gelling agent, presence/absence of 
light, ultra-violet curing or under anaerobic conditions. Most preferably, the 
first phase transfomris due to a change in temperature or in pH, or the 
introduction of a cross-linking, setting or gelling agent. Where temperature is 
used it is preferred that the temperature is sufficient to render the phase 
workable but not to damage the surrounding tissues when used. A pre-use 
sintering step may be applied to either phase. The second phase is 
preferably a solid phase, but a liquid phase may be used, especially where 
the liquid is an emulsion or suspension of particulate material. Where the 
porous matrix is to be used as a tissue scaffolding matrix, the second phase 
optionally contains cells for the formation of new tissue. 

However, the present inventors have found ttiat the matrix may be used 
as a tissue scaffold without the need to introduce cells. When the tissue 
scaffold (without cells) is placed in or at a site where it is needed, local 
endogenous cells can be recruited or encouraged to grow on, in or about the 
scaffold causing new growth of the existing tissue. This effect is enhanced by 
the presence of appropriate growth factors being present in the scaffold. 
Such a situation Is particularly useful since there is a much lower chance of 
rejection, or other Immune reaction, of the new tissue than when introducing 
non-endogenous tissue. Hence, the need for treating a patient with immune 
suppressants can be reduced and the problems associated therewith can be 
reduced. Additionally, this technique Is useful in patients who are already 
immune compromised such as cancer patients, the very young, the elderiy, 
pregnant women or people suffering from AIDS or hepatitis B. 

Accordingly, the present invention further provides a tissue scaffolding 
matrix, the matrix comprising a first phase and a second phase contained 
within the first phase. Preferably, the tissue scaffolding matrix is prepared 
according to the abovedescribed method. 
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The first and second phases used In the Invention may be made from 
similar materials, with different solidifying or setting properties. For example, 
the first and second phases may be made from similar polymers with different 
gelling pHs or different melting temperatures or glass transition points. 

Generally, one or both ohhe phases of the Invention will comprise one or 
more polymers. Examples of synthetic polymers usable in the present 
invention.. Include: . po!y(a-hydroxyaGids) especially polylactic. or polyglycolic 
acids, poly-lactide poly-glycollde copolymers, poly-lactide polyethylene glycol 
(PEG) copolymers: other polyesters including poly (£-caprolactone), poly (3- 
hydroxybutyrate), poly (s-caproic acid), poly (p-dioxanone) and poly 
(propylene fumarate); poly (ortho esters) including polyol/diketene acetals 
addition polymers (as described by Heller ACS Symposium Series 567,292- 
305, 1994); polyanhydrides including poly (sebacic anhydride) (PSA), poly 
(carboxybiscarboxyphenoxyphenoxyhexane) (PCPP), poly [bis (p- 
carboxyphenoxy) methane] (PCPM) and copolymers of SA. CPP and CPM 
(as described by Tamada and Langer in Journal of Blomaterlals Science 
Polymer Edition, 3i31 5-353, 1992 and by Domb in Chapter 8 of the Handbook 
of Biodegradable Polymers, ed. Domb A. J; and Wiseman R. M., Hanwood 
Academic Publishers); poly (amino acids); poly (pseudo amino acids) 
(Including those described by James and Kohn at pages 389-403 of 
Controlled Dmg Delivery Challenges and Strategies, American Chemical 
Society, Washington DC); polyphosphazenes Including: derivatives of poly [ 
(dichloro) phosphazene], poly [(organo) phosphazenes] polymers (described 
by Schacht In Biotechnology and Bioengineering, 52,102-108,1996); 
polyphosphates; polyethylene glycol polypropylene block co-polymers (for 
example that sold under the trade name Pluronlcs™). 

Natural polymers may also be used, such as silk, elastin, chltin, chltosan, 
fibrin, fibrinogen, polysaccharides (including pectins), alginates, collagen, poly 
(amino acids), peptides, polypeptides or proteins. 

Co-polymers prepared from the monomers of these polymers may also be 
used, as may random blends of these polyrriers or mixtures or combinations 
thereof. 
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The polymers may be crosslinked by a variety of methods including for 
example: UV crossllnking of acrylate polymers, Michael addition reaction of 
thiolate or acrylate polymers, thiolates polymers cross-linked via vinyl 
sulphones, cross-linking via succinimates or vinyl sulphones, crossllnking via 
hydrazines, thermally induced gelation, enzymatic crosslinking (for example 
the addition of thrombin to fibrinogen), cross-linking via the addition of salts or 
ions, (especiaily Ca^^ions^ cross-linking via isocyanates, • (for example- 
hexamethyiene diisocyanate). 

In a preferred embodiment polyesters of poly (lactic-co-glycolic) acid 
(PLGA) are used. These pollers are approved for parenteral administration 
by the FDA. Because PLGA degrades via non-enzymatic hydrolysis in the 
initial stages, in vivo degradation rates can be predicted from in vitro data. 
PLGA degrades to lactic and glycolic acids, substances found naturally in the 
body. 

However, polyesters may be the polymer system of choice for some 
embodiments. When the polyester material has broken down to molecular 
weights of about 5000 Daltons, the material may be taken up by cells, 
including macrophages, so some inflammation may be associated with the 
breakdown of these polymers. 

Copolymers with amino acids may be synthesised, for example glycolic 
acid and glycine, or lactic acid and lysine (Ban-era et al (1993) J Am 
Chem Soc 115,11010-11011 and Cook et al (1997) J Biomed Mat Res 35, 
513-523). These may be useful for immobilising other molecules, for 
e)aunple via the lysyl s-amino moieties. These polymers may be used to 
attach peptides to surfaces using covalent bonds. For example, peptides 
may be attached to poly (lactic acid-co-lysine) using 1,r-carbonyl- diimidazole 
(GDI, Aldrich) as a linking agent as described in the above references. 

By manipulating the molar ratio of lactic and glycolic acid and the 
molecular weight of the copolymers, different degradation patterns can be 
obtained. Poly-L-lactide has a degradation time in vitro of months to years. 
The long degradation time is due to its high crystallinity which protects the 
polymer from water penetration. Poly-glycolide has a degradation time of one 
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to several months, whereas poly-D, L-lactide is amorphous and has a 
degradation time of one to a few months. D, L PLGA has a degradation time 
in vitro of weeks to months. As the glycollc acid ratio is increased, the rate of 
degradation increases. Homopolymers of s-caproic acid can remain intact for 
2-3 year periods of implantation. 

Preferably, at least one of the phases further comprises a plasticiser, 
examples of which include polyethylene glycol (PEG), polypropylene glycol, 
polycaprolactone low molecular weight oligomers of those polymers or 
conventional plasticisers such as those used extensively for commodity 
plastics materials which include but are not limited to adipates, phosphates, 
phthalates, sabacates, azelates and citrates. Plasticisers which are the same 
as the polymers used to fomi the first or second phases such as poly lactides, 
lactide-co-glycolide etc may also be used. 

The second phase will generally comprise the tissue cells necessary to 
seed or fomi the tissue scaffold. The cells may be seeded into a particulate 
material comprising, entrained or cam'ed within the second phase. 

It is possible to use any animal cell in the tissue scaffold of the present 
invention. Examples of cells which may be used include but are not limited to 
bone, osteoprogenitor cells (for example from bone), cartilage, muscle, liver, 
kidney, skin, endothelial cells, gut or intestinal cells, or specialised cells such 
as cardiovascular cells, cardiomyocytes, pulmonary or other lung cells, 
placental, amnionic, chorionic or foetal cells, stem cells, chondrocytes, or 
reprogrammed cells firom other parts of the body such as adipocytes 
reprogrammed to become cartilage cells. 

Where stem cells are used, they are preferably non-embryonic stem cells 
such as those from adult bone manrow or the cornea or other endogenous 
stem cells, preferably taken from the patient to be treated. 

The present inventors have noted in experiments that osteoprogenitor 
cells in an in vitro environment under certain conditions will produce cartilage 
in addition to bone which facilitates endochondral ossification which will allow 
the tissue engineering of a bone-cartilage interface. 
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Particles which may be used in the second phase to contain or introduce 
the cells may be of the type described in co-pending patent application 
PCT/GB02/02813. 

Where particulate material is used in the second phase, it is preferred that 
the particles are porous. Preferably, the porosity of the particle is at least 
10%, and more preferably is above 40%, and Ideally may even be as high as 
70 to 97%. A convenient woricing range may be of between 50 to 95%. In 
any event it is preferred that the pore size of the particle Is at least sufficient to 
receive the cells to be held therein. The cells may be added to the matrix at, 
or prior to, implantation of the matrix or afterwards in the case of recruitment 
from endogenous cells in situ. 

Generally, the particles will be micro-particles; although where large cells 
are to be used the particles may be in the mm range. 

The particles may be created using supercritical fluids. 

Ideally, the pore size is of the order of 10 - 80|jm diameter. This means 
that the particle size Is generally of the order of 50|jm to 1mm diameter or 
preferably of 250 -500 \sm. As can be seen, the overall particle size will be a 
function of the pore size. That is, the end application of the matrix will dictate 
the size of the matrix, of the particles and the pore size. For example, where 
the matrix is not to be loaded with cells, the pore size becomes less critical, 
provided that diffusion can still occur through the matrix. Additionally, loose 
packing increases the pore size such that nutrient or other transfer is better, 
and vice-versa. However, the pore size is not always a function of the cell 
size since large pores may be seeded with tiny cells. Use of such particles 
provides the advantage of ensuring that the overall matrix retains a level of 
porosity sufficient for cell growth and hence to accommodate the growing 
tissue. Preferably, the particles are rough at least on their outer surface so 
that pores may still be formed between close packed particles. Additionally, 
the provision of a rough surface to the particle improves adhesion of cells to 
the particle. 

The matrix may comprise additional phases using, for example, another 
polymer phase or an Inorganic phase. Examples of inorganic materials 
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comprised in the or each additional phase include bioglasses, ceramics, 
hydroxyapatites, glasses, glass ceramics and composite materials. 

Factors useful for the promotion of tissue growth and development may 
be added to either or both phases or may be used to coat the particles. 
Additionally, different factors may be added to each of the phases or to the or 
each coating. Factors which may usefully be added include, but are not 
limited to, epidemial growth factor, platelet derived growth factor, basic 
fibroblast growth factor, vascular eridothejial growth factor, insulin-like growth 
factor, nerve growth factor, hepatocyte growth factor, transforming growth 
factors and bone morphogenic proteins, cytokines including interferons, 
interieukins, monocyte chemotaclic protein-1 (MCP-1), oestrogen, 
testosterone, kinases, chemokinases, glucose or other sugars, amino acids, 
calcification factors, dopamine, amine-rich oligopeptides, such as heparin 
binding domains found in adhesion proteins such as fibronectin and laminin, 
other amines tamoxifen, cis-platin, peptides and certain toxoids. Additionally, 
drugs, homiones, enzymes, nutrients or other therapeutic agents or factors or 
mixtures thereof may be added to one or both of the phases. Again, different 
drugs, homiones. enzymes, antibiotics, nutrients or other therapeutic agents 
or factors or mixtures thereof may be added to each of the phases. 

However, as mentioned above, the present inventors have found that the 
matrix may be used as a tissue scaffold without the need to introduce cells. 
When the tissue scaffold (without cells) is placed in or at a site where it is 
needed local, endogenous cells can be recmited to or encouraged to grow on, 
in or about the scaffold. This effect is enhanced by the presence of one or 
more of the abovedescribed growth factors in the scaffold. 

The tissue fomned according to the method of the present Invention may 
be used in vivo as implanted tissue or in vitro as tissue cultures. For example, 
the tissues may be used in vivo to replace removed diseased, damaged or 
non-functioning tissues or in vitro as a tissue culture. Advantageously, the 
present invention allows the production or generation of a 3-dimensional 
culture tissue which is useful as a research tool such as in the study of drug 



wo 2004/084968 



PCT/GB2004/001419 



9 

diffusion or uptal<e or in the use of secretory cells whicli often require the cells 
to be in a 3-dimensional an^ngement for secretion to occur. 

Where the matrix is to be used in a tissue it is preferably Introduced to the 
tissue prior to solidification. 

In a preferred embodiment, where the tissue Is to be used in vivo, it Is 
prefen-ed that the first phase transforms to a solid or semi-solid state at of 
close to the body temperature., of the animal, or at or close to the pH of the 
appropriate tissue. Alternatively, setting agents may be used to accelerate 
solidification. In any event, it is preferred that the conditions needed to cause 
solidification of the first phase are not detrimental to any cells entrained 
therein. 

The present invention also provides a kit for the fomiation of a tissue 
scaffolding matrix as hereindescribed. 

In one preferred embodiment of the Invention, the first phase comprises a 
polymer having a low glass transition temperature (Tg) or melting point 
polymer, for example below 45''C. preferably, below 40 °C and Ideally at or 
below 37 °C, and the second phase comprises a polymer having a higher 
glass transition temperature or melting point, for example >55*'C. The first 
phase is heated above 45°C, preferably above 40 °C and ideally above 37 °C 
In order to render the polymer tacky or fully liquefied, the second phase is 
introduced to the first phase and mixed. The mixture is allowed to cool. 
\A/here cells are to be present in the matrix they may be added to the second 
phase prior to its introduction to the first phase or more preferably before 
solidification of the matrix. Either phase may further comprise growrth factors 
or other phamiacologically active compounds to achieve a controlled release 
effect In use. 

The pore structure is formed by gaps between particles of the or each 
phase or by the incomplete liquefaction of the first phase in addition to tiie 
inherent porosity of the particles themselves. 

In a second embodiment, the matrix Is preferably formed by gelation. In 
this embodiment, tiie first phase comprises a material which gels In relation to 
temperature, for example agarose, or pH. for example acrylimide, or to tine 
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addition of a setting or gelling agent, such as the addition of thrombin to 
fibrinogen to produce a fibrin gel. The first phase is brought into a fluid or 
liquid state and is then mixed with a non-gelling, preferably solid, second 
phase. The mixture is allowed to cool or to gel. Cells may be added to the 
second phase prior to mixing with the first, or after rnixing but before full 
gelling of the gel has occurred. 

Embodiments of the invention will now be described with reference to the 
following examples and as illustrated by Figures 1 to 3 of the attached 
drawings, in which 

Figure 1 is a graph showing cell growth on temperature crosslinked 15% 
PEG1000/PLGA measured using Resazurin reduction assay. Values show 
relative fluorescent units from reduced reaction product after subtraction of 
cell free controls (n=3, ± SD); 

Figure 2 is a graph showing cell growth on enzymatically crosslini<ed porous 
PdlLA pieces measured using Resazurin reduction assay. Values show 
relative fluorescent units from reduced reaction product after subtraction of 
cell free controls (n=3, ± SD). and 

Figure 3 is a graph showing cell growth on enzymatically crosslinked PdlLA 
microparticles seeded with human dernial fibroblasts measured using 
Resazurin reduction assay. Values show relative fluorescent units from 
reduced reaction product after subtraction of cell free controls (n=3, ± SD). 

EXAMPLE 1 

Cross-linking via Temperature Triggered Solidification. 

In this example, the first phase comprises poly (ethylene glycol)/poly (DL- 
Lactide) blend particles (10 wt% polyethylene glycol) and the second phase 
comprises porous poly (DL-Lactide) particles manufactured by conventional 
particulate leaching methods. The two components are mixed together (at a 
range of ratios between 20:80 and 80:20) and then heated to eO^C to produce 
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a malleable material, which is shaped by the surgeon and applied to the 
defect site. In this example the first phase does not fully liquefy but becomes 
a 'tacky* semi-solid at the processing temperature (above the polymers glass 
transition temperature). In another example, the first phase (of a different 
polymer blend composition) may be fully liquefied (above the polymers 
melting transition) at 40-60°C, upon which porous particles of the second 
phase are mixed together with the-still liquid first phase. The material is Jhen 
shaped and applied to the defect site by the surgeon. 

EXAMPLE 1A 

Temperature Triggered Solidification 

Further examples of polymer blend compositions, their glass transition 
temperatures (measured using differential scanning calorimetry) and 
crosslinking temperatures are shown in the table below. 



Material 


Glass Transition 


Crosslinking 




Temperature (°C) 


Temperature (''C) 


PdlLA 


48 


ys-so^c. 


15% PEGWPdlLA 


23 


55-65°C 


20% Poly (caprolactone dioisao) 


23 


50-55°C 


/PdlLA 






15% PEG4oo/PdlLA 


15 


45°C 


20% PEGiooo/PdlLA 


8 


37-40°C. 


10% DL-Lactide/PotLA 


46 


65-70°C. 


PLGA 


43 


70°C. 


15% PEGiooo/P1-C3A 


16 


37-40°C. 
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EXAMPLE 1b 

Temperature triaaered crosslinkina with cell seeding. 

Melt blends were manufactured by heating components (1.7g PLGA. 0.3g 
PEGiooo) on a ceramic tile placed on a hotplate and physically mixing 
components in the melt state. The material was cooled, removed from the 
tile, and immediately cut and ground after cooling in liquid nitrogen. The 
ground blends were stored in a vacuum desicator prior to use. Glass 
transition temperatures were measured using differential scanning calorimetry 
with the temperature being taken from the midpoint of the transition region. 
The glass transition temperature of PLGA was measured at 43*'C and that of 
the blend at 16°C. 

Cell growth in static culture was measured upon scaffolds (triplicate 
repeats) seeded with human denmal fibroblasts (and cell free controls). 
Ground blend material (80 mgs of 15% PEGioo(/5050DL ground blend) was 
pre-slntered in a 6 mm PDMS mould at 37**C for 15 minutes. A cell 
suspension was then added to the material (5x10^ human dermal fibroblasts 
(@ p8, SOyear old donor/facial biopsy) in 100 (j-l of complete medium) and the 
material was compressed with a spatula and sintered for a further 1 hour at 
37°C. The scaffolds were then removed from the PDMS moulds and placed 
In complete culture medium. Cell free controls were prepared by substituting 
100 }il of complete medium for the cell suspension. The scaffolds were 
cultured for 17 days (static culture) In complete media with full media changes 
every 3-4 days. 

Cell growth and proliferation were measured using a resazurin reduction 
assay (Figure 1) with readings taken every 3-4 days. The scaffolds were 
removed from culture, washed in PBS and placed in 1ml of a lOng/ml 
resazurin solution in serum free media for 1 hour. The solution was then 
aliquotted (3 x 150^,1) into a 96 well plate and fluorescence intensity read on a 
plate reader with an excitation firequency of 530 nm and an emission 
fr-equency of 590 nm. 
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EXAMPLE 2 
Solidification by Gelation 

In this example the first phase Is composed of a solution of Pluronlcs 
F127 (20 wt% in buffer or media), which undergoes a liquid to gel transition 
above 25°C. The second phase comprises porous particles of poly (DL- 
Lactide) manufactured by conventional particulate .leaching methods. The two 
components are mixed (over a large range of possible ratios, for example 
100p,ls of phase 1 with lOOmgs of phase 2) and held as a liquid below room 
temperature. The components are then delivered via injection to the defect 
site, where the material gels upon reaching 37°C. 

EXAMPLE 3 
Solidification bv Gelation 

In this example the first phase is comprised of a solution of fibrinogen (for 
example of between 30 to 200 mg/ml in buffer or media), which is gelled upon 
addition of thrombin. The second phase comprises porous particles of poly 
(DL-Lactide) manufactured by conventional particulate leaching methods. 
The two components are mixed (over a large range of possible ratios, for 
example 100|ils of phase 1 with lOOmgs of phase 2) and held as a liquid in a 
syringe ready for injection. Upon injection to the defect site they are mixed 
(using a dual ban-el syringe) with a solution of thrombin (yielding a final 
thrombin concentration of, for example, between 1- 1000 Units/ml), which 
results in the crossiinking and gelation of the first phase. 

EXAMPLE 3a 

Crosslinkino of cell loaded oorous PrlLA pieces (large 1-2mm pieces) 

Porous PdlI-A pieces were produced by solvent casting and particulate 
leaching, using a salt weight fraction of 80%. A 45 wt % solution of PdlLA in 
DCM (900mgs in 2ml) was mixed with 3.6 g of salt particles (63-106 \jm size 
fraction after grinding and sieving, average size = 88 ± 27 ^m). The polymer 
solution with salt was then poured onto a ceramic. tile and left overnight for the 
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solvent to evaporate. The polymer salt composite was removed from the tile 
and manually cut into 1-2 mm sized pieces. The salt was leached from the 
pieces by immersion in water and stirring ovemight. 

Cell growth in static culture was measured upon scaffolds (triplicate 
repeats) seeded with human demnal fibroblasts (and cell free controls). 
Porous PdlLA pieces (2 x 120 mgs) were coated in serum (2 mis) via gentle 
agitation over 1 hour. Cell seeding was -carried, put by placing 120 mgs of 
serum coated PdlLA in 1ml of a cell suspension and agitating gently for 1 hput 
(1.2x10® c/ml in serum free media, human demrial fibroblasts @ p8. 50 year 
donor/facial biopsy). Cell free controls were placed in serum free media for 1 
hour. Following cell attachment, the pieces were washed In Ca^* free HBSS. 
A solution of fibrinogen + thrombin (160^1 of 100mg/ml fibrinogen with lOU/ml 
thrombin) was added to and mixed with the pieces, the excess liquid was 
removed and then the pieces allowed to crosslink over ISminutes. The 
scaffolds were cultured for 17 days (static culture) in complete media (DMEM 
supplemented with foetal calf serum) with full media changes every 3-4 days. 

Cell growth and proliferation were measured using a resazurin reduction 
assay (Figure 2) with readings taken every 3-4 days. The scaffolds were 
removed from culture, washed in PBS and placed in 1ml of a 10ng/ml 
resazurin solution in serum free media for 1 hour. The solution was then 
aliquotted (3 x 150|il) into a 96 well plate and fluorescence intensity read on a 
plate reader with an excitation frequency of 530 nm and an emission 
frequency of 590 nm. 

EXAMPLE 3b 

Crosslinkina of cell loaded porous Pm LA pieces (small 250-50Qum oieces) 

Porous PplLA pieces were produced by solvent casting and particulate 
leaching, using a salt weight fraction of 90%. A 45 wt % solution of PdlLA in 
DCM (GOOmgs in 2ml) was mixed with 8.1 g of ground salt particles (unsieved 
after grinding in pestle and mortar). The polymer solution with salt was then 
placed on a ceramic tile and left ovemight for the solvent to evaporate. The 
polymer salt composite was removed from the tile and ground using a pestle 
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and mortar. The salt was leached from the pieces by Immersion In water and 
stirring ovemlght. After salt leaching the porous pieces were sieved and the 
250-500 \ixr\ fraction retained. 

Porous PdlLA pieces (40mgs) were coated with serum via gentle 
agitation. The pieces were then washed in PBS. Human dermal fibroblasts 
(from adult donor @ passage 15) were seeded onto porous pieces by placing 
the porous pieces in 1 ml of a cell suspension (9x10^ cells/ml) in serum free 
media and gently stirring for 1 hour. 

Following cell attachment, a solution of fibrinogen + thrombin (160^,1 of 
lOOmg/ml fibrinogen with 5U/ml thrombin) was added to and mixed with the 
pieces, the excess liquid was removed and then the pieces allowed to 
crosslink over 30 minutes. 

Cell metabolism and growth on the scaffold were measured over 72 
hours. The scaffolds were removed from culture, washed in PBS and placed 
in 1ml of a 10 ng/ml resazurin solution in serum free media for 1 hour. The 
solution was then aliquotted (3 x 150p,l) into a 96 well plate and fluorescence 
intensity read on a plate reader with an excitation frequency of 530 nm and an 
emission frequency of 590 nm. The RFU value from the scaffolds increased 
from 296 RFU to 569 RFU (after background subtraction) between 24 and 
72 hours. 

EXAMPLE 3c 

Crosslinkinq of PniLA micrcparticles and cells 

4 g of PdlLA was dissolved In 20 ml of dichloromethane to produce a 
20wt% solution. Poly (vinyl alcohol), (88% hydrolysed) was dissolved in 
distilled water to give a 0.05 wt% solution which was filtered through="^r" 
0.45 fj,m filter. The PVA solution was dispersed with a homogeniser at 6,000 
rpm Tor 5 minutes after which the PdlLA/DCM solution was Injected into the 
dispersed PVA solution. The mixture was homogenised for a further 5 
minutes before being allowed to stir ovemlght while the DCM evaporated. 
MIcroparticles were then washed with distilled water 3 times using a 
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centrifuge prior to being lyophilised. Microparticle diameter was measured at 
20fim (±10|am) using brightfield microscopy and image analysis. 

Human dermal fibroblasts (from 50 year old donor/facial biospy, at 
passage 8) were resuspended in a small amount of full medium (5x10^ cells in 
50 |Lil). This cell suspension was mixed with 100 jal of a fibrinogen/thrombin 
solution (150mg/ml fibrinogen in HBSS with 15U/ml of Thrombin) and this 
solution then added to 200 n:^s of microparticles and mixed. The resulting 
paste was placed into a 6mm PDMS cube shaped mould and placed at 37^C 
for 40 minutes to allow crosslinking to complete. Cell free controls were 
prepared by substituting 50 |xl of complete medium for the cell suspension. 
The scaffolds were cultured for 17 days (static culture) in complete media with 
full media changes every 3-4 days. 

Cell growth and proliferation were measured using a resazurin reduction 
assay (Figure 2) with readings taken every 3-4 days. The scaffolds were 
removed from culture, washed in PBS and placed in 1 ml of a 10|Lig/ml 
resazurin solution in serum free media for 1 hour. The solution was then 
aliquotted (3 x 150|Lil) into a 96 well plate and fluorescence intensity read on a 
plate reader with an excitation frequency of 530 nm and an emission 
frequency of 590 nm. 

EXAMPLE 4 

Porous Particles. 

In this example large porous particles (>500^m and up to several mms) 
are produced by conventional salt leaching techniques. Salt is ground using a 
pestle and mortar, then sieved with the appropriate size fraction being 
retained. Ideally the size of the salt particles will be 50-100|im. The salt 
particles are then mixed with poly (DL-Lactide), in either the melt phase or in 
an appropriate solvent. The loading of salt will be between 50 and 90wt%. 
The solid monolith of salt/polymer composite (after cooling or solvent 
extraction) is then processed into large particles either by grinding or cutting. 
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The salt is then leached from the composite by agitating in water for at least 
24 hours. 

In a further example the salt/polymer composite may be processed by 
conventional gas foaming techniques using for example supercritical CO2. In 
a further example porous polymer pieces may be fabricated by conventional 
gas foaming techniques, using for example supercritical CO2. 



